WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
A61F2/06 



Al 



(11) International Publication Number: WO 00/69367 

(43) International Publication Date: 23 November 2000 (23. 1 1 .00) 



(21) International Application Number: PCT/US0Q/ 1 3 1 26 

(22) International Filing Date: 12 May 2000 (12.05.00) 



(30) Priority Data: 
09/311,965 



14 May 1999(14.05.99) 



US 



(63) Related by Continuation (CON) or Continuation-in-Part 
(CAP) to Earlier Application 

US 09/311,965 (CIP) 

Filed on 1 4 May 1 999 ( 1 4.05.99) 



(71) Applicant (for all designated States except US): BOSTON SCI- 

ENTIFIC CORPORATION [US/US]; One Boston Scientific 
Place, Natick, MA 01760-1537 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): STRECKER, Ernst, Peter 
[US/DE]; Vierordt Strasse 7A, D-76228 Karlsruhe (DE). 

(74) Agents: HOOVER, Thomas, O. et al.; Hamilton, Brook, Smith 
& Reynolds, P.C., Two Militia Drive, Lexington, MA 02421 
(US). 



(81) Designated States: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, 
DZ, EE, ES, R, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, 
UA, UG, US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, 
GM, KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN. GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: IMPLANTABLE LUMEN PROSTHESIS 
(57) Abstract 

The present invention relates to an implantable prosthesis having a 
membrane and a fluid channel lhat are inserted into a body lumen to maintain 
fluid flow and support the lumen wall. A preferred embodiment of the invention 
includes a mesh membrane or filter attached to a covered stent Another 
preferred embodiment includes a tube graft fixed to a wire coil. 



BEST AVAILABLE COPY 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify Stales party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega] 


AO 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HO 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


OA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


OG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


OS 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


OZ 


Uzbekistan 


CF 


Centra) African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YO 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CO 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/69367 



PCT/US00/13126 



IMPLANTABLE LUMEN PROSTHESIS 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. Application No. 09/31 1,965 
filed on May 14, 1999, the entire contents of which is incorporated herein by 
5 reference. 

BACKGROUND OF THE INVENTION 

Various prosthetic devices have been developed for the treatment of vascular 
disease. These include self expanding stents that can be compressed and introduced 
into the vascular system using catheters. When the catheter is positioned 
10 percutaneously or by other techniques at the required site, the stent is released and 
the catheter is withdrawn. 

The stents or prostheses have been developed to treat particular forms of 
vascular disease including weakened or occluded blood vessels or arteries. The 
treatment of a stenosis or aneurysm, for example, using a tubular prosthesis can 
1 5 reduce the risk of an embolism or rupture of the aneurysm. In an abdominal aortic 
aneurysm, for example, a bifurcated tubular sleeve can be used to maintain blood 
flow between the aortic artery and the iliac arteries. 

However, a continuing need exists for further improvements in devices and 
methods of using implantable prostheses for the treatment of various conditions. 



WO 00/69367 PCT/USOO/13126 

-2- 



SUMMARY OF THE INVENTION 

This invention relates to an implantable prosthesis including a membrane or 
filter and a fluid flow channel to control the flow of fluid through a body lumen. A 
preferred embodiment of the invention uses a mesh membrane connected to a stent 
5 and, more particularly, to a stent used to bypass an aneurysm. In a preferred 

embodiment of the invention, the fluid flow channel, or stent, is coupled to the filter. 
The device includes, in a preferred embodiment, a frame having a plurality of struts, 
the struts conforming to the shape of the inner wall of a vessel, a membrane 
covering the struts, at least one tubular prosthesis which forms an aperture in the 

10 membrane and an attaching mechanism or connector that connects the membrane 
section to the tubular section. 

In one embodiment, the device is collapsible to fit inside a catheter. In a 
preferred embodiment, the device is collapsible to a diameter of 12 French or less. 
The frame and/or the tubular prosthesis can be a device such as that described in 

15 International Application No. PCT/DE/00226 filed on January 24, 1998 and 
corresponding U.S. Application No. 09/250,714 filed on February 16, 1999, the 
entire contents of these applications being incorporated herein by reference. The 
stent and the frame of the filter or membrane can comprise a shape memory 
material. 

20 In an alternate embodiment, the frame comprises a double coil. One of the 

coils can be covered with a membrane material. In one embodiment, there can be a 
90-degree angulation between the two coils. J 

The struts of the frame can radiate outwardly from a center point of the 
frame. In this embodiment, the perimeter formed by the struts conforms to the shape 

25 of the inner wall of a vessel. In a preferred embodiment, the shape of the perimeter 
formed by the struts is circular. In another preferred embodiment, the struts 
comprise a plurality of loop shapes. 
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The membrane material can comprise either a mesh material or a non-permeable 
material. In a preferred embodiment, the membrane material extends beyond the 
perimeter formed by the struts of the frame. The additional membrane material allows 
the vessel to become completely sealed. 
5 The stent can comprise a flexible material. In a preferred embodiment, the 

device comprises two stents to be used to bypass an aneurysm located at a bifurcation. 
The stent can also comprise an attachment mechanism to secure an end of the stent to 
the membrane. 

The stent can be attached to a vessel wall using a polymer. The polymer can 
1 0 also be used to secure the stent to the membrane material. 

In an alternate embodiment, the double coil stent includes a tube graft. The tube 
graft is fixed to the wire coil by a suture, for example. The tube graft is made from an 
expandable material such as a biocompatible inert textile material. The tube graft has a 
first diameter when being introduced into the vascular system and a second diameter 
1 5 after insertion, when the tube graft has been expanded. 

In a further embodiment, the tube graft fixed to the wire coil includes outlets for 
stents to be fixed thereto. In a preferred embodiment two outlets are disposed in one 
end of the tube graft for two stents. The two stents bridge an aneurysm. 

The invention also relates to a method for treating a body lumen using an 
20 implantable prosthesis. The invention can relate to a method for deploying a prosthesis 
within a body lumen. The invention can also relate to a method for attaching at least 
one stent to a membrane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a cross sectional lateral view of an aneurysm stent secured 
25 within an aorta; 

Figure 2 illustrates an embodiment of the stent portions attachment to a 
membrane 
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Figure 3 shows a top view of an aneurysm stent secured within an aorta. 
Figure 4 shows an oblique view of a double coil stent in an expanded state. 
Figure 5 illustrates a double coil stent in a non-expanded state. 
Figure 6 shows a front view of an alternate embodiment of a double coil stent in 
5 an expanded state. 

Figure 7 shows a side view of an alternate embodiment of a double coil stent in 
an expanded state. 

Figure 8 illustrates an embodiment of a membrane attachment mechanism for a 

stent. 

10 Figure 9 illustrates an alternate embodiment of a membrane attachment 

mechanism for a stent. 

Figure 10 illustrates an alternate embodiment of a membrane attachment 
mechanism for a stent. 

Figure 1 1 shows an embodiment of a membrane that can have one or more slits. 
15 Figure 12 shows a double coil stent with a bifurcation stent engaged at an 

aneurysm site. 

Figure 13 shows a top view of the prosthesis illustrated in Figure 12. 
Figure 14 illustrates an embodiment of a temporary membrane filter. 
Figure 15A illustrates coaxial stents attached to multiple filters. 
20 Figure 1 5B shows an alternate embodiment for a mesh coil stent with attached 

stent. 

Figure 1 6 shows a flowchart representation of a method for treating a body 

lumen. 

Figure 17 illustrates a flowchart representation for deploying a temporary 
25 prosthesis within a body lumen. 

Figure 1 8 illustrates a flowchart for a method for attaching at least one stent to a 
membrane. 
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Figures 19A and 19B illustrate embodiments of a double coil stent with a tube 

graft. 

Figures 20A and 20B illustrate an alternate embodiment of a double coil stent 
with a tube graft. 

5 The foregoing and other objects, features and advantages of the invention will be 

apparent from the following more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying drawings in which like reference 
characters refer to the same parts throughout the different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of the 
10 invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 illustrates an embodiment of an aneurysm stent 10. In this 

embodiment, the aneurysm stent 10 comprises a frame 12 having a plurality of struts 14 

and being surrounded by a membrane 16. The frame 12 can comprise any 
15 biocompatible material. A bifurcation stent 18 comprising a first stent portion 20 and a 

second stent portion 22 form an aperture in the membrane 16 and are secured therein. 

Also in this embodiment, the aneurysm stent 10 comprises a securing mechanism 24 

which secures the stent 10 to an aorta wall 26. 

In one embodiment, the aneurysm stent 10 is collapsible to fit inside a catheter. 
20 In a preferred embodiment, the stent 10 is collapsible to a diameter of 12 French. The 

frame 12, membrane 16 and securing mechanism 24 can comprise a shape memory 

material. In this embodiment, the frame 12, when removed from a catheter, expands 

into a predetermined shape. 

The struts 14 of the frame 12 can radiate outwardly from a center point of the 
25 frame 12. In this embodiment, the perimeter formed by the struts 14 form a shape 

which conforms to the shape of the inner wall of an aorta wall 26. In a preferred 
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, embodiment, the shape of the perimeter formed by the struts 14 is circular. In another 
preferred embodiment, the struts 14 comprise a plurality of loop shapes. 

The membrane 16 can comprise either a mesh material or a non-permeable 
material. The mesh material can allow for obstruction of clots while allowing the flow 

5 of fluids through the vessel. The non-permeable material occludes the flow of any 
substance through the vessel. 

The mesh material can have mesh holes the size of 0.2 to 1 .0 mm. In one 
embodiment, the mesh is knitted or weaved. In this embodiment, when the stent 10 is 
inserted into a lumen, the lumen walls will cause the stent 10 to compress, thereby 

1 0 causing the mesh holes to become smaller. 

To create a sealing between the frame 12 and the first 20 and second stent 
portions 22, the mesh material can be thrombogenic. The sealing can be created by a 
rough texture of the surface of the mesh material. In one embodiment, the rough texture 
is created by a textile material like wool. The rough texture can also be created by a 

15 material where the mesh filaments consist of multiple threads. The sealing can also be 
created by covering the mesh filaments with a thrombogenic substance or a sealing 
drug. In an alternate embodiment, the sealing can be created when the mesh filaments 
are made of an elastic material, such as silicone, or when the mesh filaments are formed 
of textile filaments and elastic filaments. 

20 In a preferred embodiment, the membrane 16 material extends beyond the 

perimeter formed by the struts 14 of the frame 12. The additional membrane material 
1 6 allows the vessel to become completely sealed. 

The first stent portion 20 and the second stent portion 22 of the bifurcation stent 
18 can comprise a flexible material. In a preferred embodiment, the device comprises 

25 two stents to be used to bypass an aneurysm 28 located at a bifurcation 30. In this 
preferred embodiment, first stent portion 20 and the second stent portion 22 of the 
bifurcation stent 18 carries blood from the aorta 32, past the aneurysm 28 and to the 
bifurcation 30. This process reduces the pressure at the aneurysm site 28 and will help 
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prolong the life of the aneurysm 28. The process will also help to decrease the risk of 
aneurysm 28 rupture. The first 20 and second 22 stent portions of the bifurcation stent 
18 can be made from a mesh material. This material can be, but is not limited to, a 
fabric material or a plastic material. 
5 The securing mechanism 24, in one embodiment, comprises a series of arms 34 

which attach the aneurysm stent 10 to the aorta wall 26. This can be accomplished 
using small hooks or barbs. 

Figure 2 illustrates a preferred embodiment of the first 20 and second 22 stent 

o 

portions and their attachment to the membrane 16. In this embodiment, the proximal 

1 0 ends of the stents 20, 22 are funnel shaped which prevents the stents 20, 22 from 

translating past the membrane 16. In an alternate embodiment, the ends of the stents 20, 
22 comprise a plurality of anchors which also prevent migration of the stents 20, 22. In 
an alternate embodiment, the proximal ends of the stents 20, 22 are tapered. In a 
preferred embodiment, the ends can be reduced in area by 5% to 15%, for example. 

15 Figure 3 illustrates a top view of the aneurysm stent 10. In this embodiment, the 

loop pattern of the struts 14 of the frame 12 is shown. Membrane material 16, in this 
embodiment, hangs past the perimeter created by the struts 14 to create a secure seal of 
the aneurysm stent 10 when placed in an aorta. 

Figure 4 illustrates an oblique view of a double coil stent 100 in an expanded 

20 state. In an embodiment of the invention, the double coil stent 100 has a first end 102 
and a second end 104. The stent 100 also include a first coil 106 and a second coil 108. 
In a preferred embodiment, the first 106 and second 108 coils can have an oblique or 
circular shape. The first 106 coil and sqcond 108 coil can be used to support the inner 
wall of a vessel, such as an artery. 

25 The coils 106 and 108 of the double coil 100 are attached at a connection site 

110. There can be a 90-degree angulation between the connection site 1 10 and the first 
106 and second 108 coils in the stent's 100 expanded state. In a preferred embodiment, 
the connection site 1 10 consists of two wires, one wire derived from the first coil 1 06 
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and the second wire derived from the second coil 108. The two wires can be connected 
together by a third wire wrapped around the connection site 110. In a preferred 
embodiment, the third wire is a thin nitinol wire. One of the coils 106, 108 can be 
covered by a membrane material 112. In a preferred embodiment, the membrane 
5 material 112 comprises a mesh. The mesh material can be semipermeable, to allow 
blood flow and prevent the travel of clots. The mesh also can be impermeable to all 
materials. 

In an alternate embodiment, one of the coils 106 can be covered with the 
semipermeable material and the other coil 108 can be covered by an impermeable 

10 material. In another preferred embodiment of the invention, the membrane material 112 
is secured to the coil 108. The membrane 1 12 material can be secured to the coil 108 by 
an adhesive in one embodiment. The membrane 112 can also be melted onto or fused to 
the coil 108 in alternate embodiments. The membrane 1 12 can also contain a seam 
which wraps over the coil 108 and secures it to the coil 108. The membrane can also be 

15 sutured onto the stent strut. The stent strut can also be incorporated into the membrane. 
The mesh could be knitted or weaved around the stent strut. 

In a preferred embodiment, the double coil stent 100 can have barbs or anchors 
103 to prevent dislocation of the stent 100 after implantation. The barbs 103 can be 
welded to connection sites on the double coil stent 100. The barbs 103 can be made 

20 from an elastic material, to allow ease of placement inside a catheter. In a preferred 
embodiment, the barbs 1 03 are made from thin nitinol wires. In another preferred 
embodiment, the double coil stent 100 has a hook 105 to improve stability and prevent 
dislocation of the stent 100. The hook 105 can be attached to the second end 104 of the 
stent 100 and extend towards the first end 102. 

25 The double coil stent 100 itself, in a preferred embodiment, is made of a wire 

material such as a nickel-alloy. The wire preferably comprises a shape memory 
material such that when the stent 100 is collapsed, it will return to a predetermined 
shape. 
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Figure 5 shows a double coil stent 100 in a non-expanded state within a catheter 
114. The stent 100 can comprise a first coil 106 and a second coil 108 joined at a 
connection site 110. One of the coils can be covered by a membrane material 112, 
preferable a mesh material. In this embodiment, the first coil 106, the second coil 108, 
5 and the membrane material can be collapsed to fit the stent 100 within a catheter 1 14. 
The stent 100 can be compressed to fit into a catheter 114 having a diameter of 8 french 
(2.4 mm) for insertion into an aorta. However, the stent 100 can be compressed to fit 
into catheters from 0.5 mm to 5.0 mm in diameter generally, depending on the cross 
section of the artery to be treated and the diameter of the struts needed to create a firm 

10 suspension of the device. The connection site 110 between the first 106 and second 108 
coils, in this embodiment, allows the coils 106, 108 to expand beyond their 
uncompressed 90-degree angulation. When the stent 100 is introduced into the catheter 
1 14, the hook 105 can be positioned parallel to the second end 104 of the stent 100 and 
will not significantly increase the diameter of the collapsed stent 100. 

1 5 Figures 6 and 7 illustrate an alternate preferred embodiment of a double coil 

stent 120. The double coil stent 120 comprises a shape memory material. In a preferred 
embodiment, this material can consist of metal wire. Other materials can be used, 
however, such as plastic. The stent 120 has a first end 122 and a second end 124. The 
stent material can form a first loop 126 and a second loop 128. The loops 126, 128 

20 compensate for alterations of the material lumen or irregular vessel lumina. The loops 
126, 128, in a preferred embodiment, are connected at a first connection site 130 and a 
second connection site 132, respectively. The stent 120 can also comprise a membrane 
material 134. In a preferred embodiment, the membrane material 134 is a mesh 
material. In this embodiment, the mesh can be semi-permeable to allow fluids, but not 

25 clots, to pass through a vessel. The mesh can also be impermeable to provide occlusion 
of a vessel. The mesh can also become impermeable over time, after being implanted as 
permeable, by the formation of blood clots at the mesh filaments to provide occlusion of 
a vessel. 
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Figures 8, 9 and 1 0 illustrate embodiments for a double coil stent with a 
bifurcation stent Figure 8 shows a double coil stent with a bifurcation stent 150 
mounted within an aortic lumen 152. The stent 150 comprises a double coil stent 154 
fitted to an aortic wall 156. In a preferred embodiment, the deployed double coil stent 
5 1 54 comprises waves or undulations 157. The stent 1 50 can also comprise a bifurcation 
stent 158 having a first stent portion 160 and a second stent portion 162. In this 
embodiment, the membrane 164 of the double coil stent 154 comprises a dome shape 
which is accommodated to the flow dynamics of blood. The first 160 and second 162 
stent portions of the bifurcation stent 150 are attached to the membrane 164 by funnel 

10 portions 166 on the ends of the stent portions 160, 162 to prevent any backsliding of the 
stent. The first 160 and second 162 stent portions can also comprise anchors 168, 
preferably barbs, below the membrane 164 to prevent sliding of the stent portions 160, 
162 through the membrane 164. In its unexpanded state, the anchors 168 will lie 
parallel to the body of the bifurcation stent 1 58. When the double coil stent with the 

15 bifurcation stent 150 is removed from a catheter housing, the anchors 168 will move 
outwards because of their elastic tension and prevent sliding of the first or second stent 
portions 160, 162. 

Figure 9 shows an alternate embodiment of a double coil stent with a bifurcation 
stent. In this embodiment, the first 160 and second 162 stent portions of the bifurcation 
20 stent 158 comprise anchors 168 to prevent the stent 158 from sliding and becoming 
disengaged from the membrane 164. 

Figure 10 shows another alternate embodiment of a double coil stent with a 
bifurcation stent. In this embodiment, the membrane 164 comprises a double valley 
membrane. In this embodiment, the first 160 and second 162 stent portions of the 
25 bifurcation stent 1 58 can be secured to the membrane 1 64 by either a funnel portion or 
by anchors. 

Figure 1 1 shows an embodiment of a membrane 180 to be used with a stent such 
as a double coil stent or with a bifurcation stent. In a preferred embodiment, the 
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membrane 180 comprises a first slit 182 which dilates to receive an expanded stent. In 
an alternate embodiment, the membrane 180 can comprise two parallel slits to receive 
two stents. In an alternate embodiment, a second membrane fits above the first 
membrane 180 and comprises a second slit 186. The two membranes form a tight seal 
5 between the occluded lumen walls. In a preferred embodiment, the membranes are 
silicone. 

Figure 12 shows a double coil stent with a bifurcation stent engaged at an 
aneurysm site 190. The double coil stent 192 in this embodiment comprises a first coil 
194, a second coil 196, and a membrane 198. The double coil stent 192 secures the 

10 bifurcation stent 200 within the aorta. The bifurcation stent 200 comprises a first stent 
portion 202 and a second stent portion 204 which are mounted within the membrane 
198. The first 202 and second stent 204 portions of the bifurcation stent carry blood 
from the aorta 206, past the aneurysm site 190 and to the first 208 and second 210 
bifurcation portions. This process reduces the pressure at the aneurysm site 190, helps 

1 5 prolong the life of the aneurysm and reduces the risk of rupture of the aneurysm. 

In a preferred embodiment, the first stent portion 202 and the second stent 
portion 204 are arced to provide for ease of insertion into the first 208 and second 210 
bifurcation portions, respectfully. When inserted into the bifurcation portions 208, 210, 
the stent portions 202, 204 form a fluid seal 205. The seal substantially reduces or 

20 eliminates endoleakage or discharge of the fluid flowing through the stent portions 202, 
204. In another preferred embodiment, the first 202 and second 204 stent portions are 
comprised of a mesh material 209. This material can comprise a fabric material. The 
material can also comprise a plastic material. In another preferred embodiment, the 
mesh material 209 is covered by a second material 207. The second material 207 

25 provides for strength of the stents 202, 204 while allowing them to retain flexibility. 

Figure 13 illustrates a top view of the membrane 198 having the first 202 and 
second 204 bifurcation stent portions secured therein. In this embodiment, the 
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membrane occludes blood flow through the aneurysm 190 and forces the blood to flow 
through the first 200 and second 204 bifurcation portions. 

Figure 14 illustrates a removable membrane mesh filter 220. The filter 220 
comprises a coil loop 222 attached to a coupler 224 which can be deployed and 
5 withdrawn through a catheter 226. The coupler 224 can be either flexible or rigid. The 
coupler 224 can also provide for axially distancing stabilizing member from frame. 
The coil loop 222 comprises a membrane 228. In a preferred embodiment, the coil loop 
222 is a nickel-alloy wire loop. In another preferred embodiment, the membrane 228 is 
a textile mesh. 

10 The filter 220 can comprise a basket shape for the membrane 228 to allow for 

clot removal. The filter 220 can also be inserted from below to remove debris. In an 
alternate embodiment, lysing agents can be delivered through the catheter in order to 
perform clot lysis. The removable membrane mesh filter 220 can be deployed in an 
aorta lumen 230 to serve as a filter in the case of an emergency treatment such as a 

1 5 ruptured aneurysm. 

Figure 15 A illustrates an alternate embodiment of the invention comprising a 
coaxial stent prosthesis 300. The coaxial stent 300 comprises a plurality of stents 304 
coaxially mounted to a plurality of membranes 306. In a preferred embodiment, two 
stents 304 are mounted coaxially to three membranes. The membranes can be affixed to 

20 a wire material 308. When deployed, the wire material 308 of the prosthesis 300 
becomes secured to the wall 3 1 0 of a lumen 312. In a preferred embodiment, the 
membranes 306 comprise a filter mesh. In an alternate embodiment, the membranes 
306 comprise a non-permeable material. The membranes 306 could have different 
diameters, corresponding to the diameters of an aneurysm. When deployed, this 

25 embodiment could divide an aneurysm into two chambers. Blood can thus reenter into 
just one chamber of the aneurysm instead of the entire aneurysm. Reperfusion of the 
aneurysm by lumbar arteries or by the inferior mesenteric arteries would be of less 
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importance. The chambers created between the membranes 306 can be filled with a 
polymer to provide for a firm connection of the membranes to the aortic wall- 
Figure 15B shows another alternate embodiment of a double coil stent with a 
bifurcation stent 300. In this embodiment, the double coil stent with a bifurcation stent 
5 300 is mounted within an aortic lumen 312. The stent 300 has a double coil stent 304 
fitted to an aortic wall 310. The double coil stent 304 has a first wire loop 318 and a 
second wire loop 320 covered by a first membrane 314 and a second membrane 316, 
respectively. The double coil stent 304 also has a wire strut 306 connecting the first 318 
and second 320 wire loops. In this embodiment, a bifurcation stent 302 having a first 

10 bifurcation portion 322 and a second bifurcation portion 324, is attached to the double 
coil stent 304, through the first 314 and second 316 membranes. The bifurcation stent 
302 passes through both membranes 314, 316 to form an improved connection for and 
prevent any dislocation of the first 322 or second 324 bifurcation portions. 

The space 326 between the first wire loop 318 and the second wire loop 320 can 

15 be filled with a polymer 308. The polymer can cure in this space 326 which can create a 
firm connection among the aortic wall 310, the bifurcation stent 302 and the double coil 
stent 304. The polymer 308 can be installed by perforation of the second membrane 
316 with a distally introduced catheter. Through the end hole of the catheter, the 
polymer 308, in its fluid state, can thereby be injected into the space 326. The polymer 

20 308 can be, but is not limited to, either polymer silicone, acrylate glue, ETHIBLOC 
TM, gelatine or gelatine sponge. In a preferred embodiment, the polymer 308 does not 
act as a plug, but functions to connect any implanted parts to a vessel wall. 

Figure 16 shows a flowchart representation of a method for treating a body 
lumen. First, the user provides a catheter and a prosthesis having a frame, a membrane 

25 per step and at least one stent per step 238. Next, the user attaches the at least one stent 
to the membrane per step 240. Next, the user compresses the prosthesis into the 
catheter 242 and introduces the catheter into a lumen as per step 244. The user can then 
remove the catheter from the prosthesis per step 246 and allow the prosthesis to expand 
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and secure itself to the lumen per step 248. Next, the catheter can be removed from the 
lumen per step 250. Lastly, the prosthesis is allowed to direct a fluid flowing within a 
lumen to flow through at least one stent per step 252. In a preferred embodiment, the at 
least one stent directs the fluid across an aneurysm. 
5 Figure 1 7 illustrates a flowchart representation for deploying a temporary 

prosthesis within a body lumen. First, the user provides a catheter and a prosthesis 
having a frame, a membrane and a connector per step 260. Next, the user loads the 
prosthesis into the catheter as per step 262 and introduces the catheter into a lumen per 
step 264. The user can then remove the catheter from the prosthesis per step 266 and 

10 allow the frame and membrane to expand per step per step 268. Next, a fluid flowing 
through the lumen can be filtered by the prosthesis per step 270. When the filtering 
process has been completed, the user can slide the connector into the catheter and 
compress the frame and membrane within the catheter per step 272. The user can then 
remove the catheter from the lumen per step 274. In a preferred embodiment, the 

1 5 membrane comprises a mesh material. 

Figure 1 8 illustrates a method for attaching at least one stent to a membrane. 
First, the user provides a membrane and at least one stent per step 280. Next, an 
aperture is formed in the membrane as in step 282 and the stent is provided with an 
attachment mechanism per step 284. The stent can then be placed through the aperture 

20 in the membrane per step 286 and attached to the membrane as in step 288. In one 
preferred embodiment, the attachment mechanism comprises an anchor. In another 
preferred embodiment, the attachment mechanism comprises a funnel portion connected 
to the stent. 

Figure 19A illustrates an alternate embodiment in accordance with the present 
25 invention. The double coil stent 400 includes a first coil 402 and a second coil 404. In 
a preferred embodiment, the first 402 and second 404 coil can be used to support the 
inner wall of a vessel, such as an artery. 
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The coils 402 and 404 of the double coil stent 400 are attached at a connection 
site 406. A first end 408 of a tube graft 410 is fixed to the distal coil 412. The tube 
graft 410 can be fixed to the coil 412 by suturing, for example. Preferably, a plurality of 
sutures 414 are utilized to secure the tube graft 410 to the double coil stent 400. The 
5 tube graft 410 is made from an expandable material, for example, a textile material. 
The tube graft 410 may be woven so as to be radially expandable. The tube graft 410 is 
adapted to be disposed within the aneurysm 416. 

Figure 19B illustrates an embodiment of the graft-coil system in which two rings 
402 are shown. The profile has been reduced to fit within a catheter 405 that is used to 

10 deploy the graft and coil system at the site. The graft 410 has an inlet 409 and an outlet 
41 1 at the opposite end. The graft can be delivered using a pushing or pulling device 72 
shown and described in greater detail in the previously incorporated U.S. Application 
No. 09/250,714. The pushing rod or wire 72 can run inside or outside of the graft. 

Figure 20 A is an alternate embodiment of the double coil stent 400 including a 

15 tube graft 410 having a first outlet 420 and a second outlet 422. Two covered stents 
424, 426 are mounted in the outlets 420, 422 to bridge the aneurysm 416. The first 424 
and second 426 stent portions can be attached to a membrane 428 to prevent any 
backsliding of the stents 424, 426. Alternatively, the graft can be sutured 428 in the 
middle to form the outlets 420, 422 to hold the stents 424,426. Figure 20B illustrates a 

20 cross-sectional view of the sutured outlet end of the tube graft. The first 424 and second 
426 stent portions carry blood from the aorta, past the aneurysm site 416. This process 
reduces the pressure at the aneurysm site 41 6, helps prolong the life of the aneurysm 
and reduces the risk of rupture of the aneurysm. 

While this invention has been particularly shown and described with references 

25 to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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CLAIMS 

What is claimed is: 

1 A prosthetic device comprising: 

a frame having a shape for positioning within an inner wall of a fluid 

5 vessel; 

a membrane extending over the frame; 

a stent having a proximal end and a distal end, the stent connected with 
the membrane; and 

a connector that connects the stent to the membrane. 

10 2. The prosthetic device of Claim 1 wherein the frame and the membrane have a 
delivery position and an expanded position. 

3. The prosthetic device of Claim 2 wherein the device is collapsible to a diameter 
of 12 French or less. 

4. The prosthetic device of Claim 1 wherein the frame further comprises a shape 
1 5 memory material. 

5. The prosthetic device of Claim 1 wherein the frame comprises a plurality of 
struts defining a frame perimeter. 

6. The prosthetic device of Claim 1 wherein the membrane further comprises a 
mesh. 



WO 00/69367 



) 

PCT/US00/13126 



-17- 

7. The prosthetic device of Claim 1 wherein the membrane further comprises a 
non-permeable material. 

8. The prosthetic device of Claim 5 wherein the membrane extends beyond the 
perimeter formed by the plurality of struts. 

5 9. The prosthetic device of Claim 1 wherein the stent further comprises a flexible 
shape memory material. 

10. The prosthetic device of Claim 1 wherein the stent further comprises a mesh 
material. 

1 1 . The prosthetic device of Claim 1 wherein the proximal end of the stent further 
1 0 comprises a taper. 

12. The prosthetic device of Claim 1 1 wherein the taper of the stent decreases to a 
diameter at the proximal end by a range of 5% - 15%. 

13. The prosthetic device of Claim 1 wherein the connector further comprises a 
plurality of legs. 

15 14. The prosthetic device of Claim 1 wherein the connector further comprises a 
shape memory material. 



15. 



The prosthetic device of Claim 1 further comprising a catheter in which the 
prosthetic device is inserted. 
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16. A method for deploying a prosthesis within a lumen comprising: 

providing a prosthesis having a frame, a membrane and a connector; 
inserting a catheter with the prosthesis into a lumen; 
releasing the prosthesis in the lumen such that the membrane extends 
5 across at least a portion of the lumen; and 

allowing the membrane to expand; and 

connecting a stent to the membrane. 

1 7. The method of Claim 1 6 wherein the membrane comprises a mesh. 



18. A method for attaching stent to a membrane comprising: 
10 providing a membrane and a stent; 

forming an aperture in the membrane; and 
attaching the stent to the membrane such that the stent is coaxially 
positioned with the aperture. 



1 9. The method of Claim 1 8 further comprising attaching the stent to the membrane 
15 with an anchor. 



20. 



The method of Claim 1 8 further comprising the stent to the membrane with a 
funnel element 
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PROVIDING CATHETER AND A PROSTHESIS HAVING A 
FRAME, A MEMBRANE AND AT LEAST ONE STENT 
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ATTACHING THE AT LEAST ONE STENT TO THE 
MEMBRANE 



— 240 
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INTRODUCING THE CATHETER INTO A LUMEN 
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REMOVING THE CATHETER FROM THE PROSTHESIS — 246 
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SECURE ITSELF TO THE LUMEN 
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ALLOWING THE PROSTHESIS TO DIRECT A FLUID 
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PROVIDING A CATHETER AND A PROSTHESIS HAVING 
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FILTERING A FLUID WITHIN A BODY LUMEN 
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PROVIDING A MEMBRANE AND AT LEAST ONE STENT 
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FORMING AN APERTURE IN THE MEMBRANE 
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PROVIDING THE STENT WITH AN ATTACHMENT 
MECHANISM 
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PLACING THE STENT THROUGH THE APERTURE 
IN THE MEMBRANE 
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ATTACHING THE STENT TO THE MEMBRANE 
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